Sudden obstruction of coronary blood flow causes ischemic death of cardiomyocytes followed by a universal cascade of reparative events (Frangogiannis 2006) leading to infarct healing and scar formation in the heart. Nevertheless, a growing body of evidence from animal studies suggests that females exhibit a different pattern of myocardial infarction (MI) healing and left ventricular (LV) remodeling than males. For instance, post-MI female mice reveal less exaggerated inflammation and enhanced reparative fibrotic response during infarct healing, contributing to a lower rate of cardiac rupture and a lesser degree of LV remodeling in comparison with males (Cavasin et al. 2004; Gao et al. 2005; Fang et al. 2007; Wang F et al. 2007 ). In addition, despite comparable infarct size and LV cavity dilatation, the thickness of noninfarcted myocardium is less in post-MI female than male rats (Litwin et al. 1999) , indicating a smaller increase in compensatory hypertrophy in response to post-MI cardiac remodeling in the females.
. In recent decades, there have been a considerable number of studies demonstrating that even mature fibrotic scars are composed of the various tissue components, such as collagen fibers (Boyle and Weisman 1993; Sun et al. 1994; Zhang et al. 2010) , elastic fibers (Mizuno, Yau, et al. 2005) , myofibroblasts (Vracko and Thorning 1991; Sun and Weber 1996; Hayakawa et al. 2003; Virag and Murry 2003) , viable cardiomyocytes Kalkman et al. 1997; Virag and Murry 2003; Zhang et al. 2010) , mummified dead cardiomyocytes (Boyle and Weisman 1993) , and vessels Kalkman et al. 1997; Virag and Murry 2003; Wang B et al. 2005; Zhang et al. 2010) . Some of these scar components have been shown to undergo a dynamic reorganization in response to ongoing LV remodeling (Whittaker 1995; Sun and Weber 2000; Sun et al. 2002; van den Borne et al. 2010) . Surprisingly, in the previous in vivo studies that used either male or female animals, only a few used quantitative methods to examine the structural composition of the post-MI scars (Boyle and Weisman 1993; Hayakawa et al. 2003; Virag and Murry 2003; Lichtenauer et al. 2011; Zhang et al. 2010) .
Furthermore, despite the well-established fact that advanced age results in delay of infarct healing in post-MI rats (Kranz et al. 1975; Wexler 1978 ) and significantly increases a risk of post-MI cardiac rupture (Yang et al. 2008) as well as exaggerates adverse LV remodeling (Bujak et al. 2008) in mice, most MI experiments were done in young or young-adult animals. However, our previous studies have demonstrated that the adaptive changes in post-MI hearts of middle-aged rats (Dedkov et al. 2006; Dedkov, Zheng, et al. 2007 ) may provide a better correlation to the human population in which the occurrence of MI is more prevalent among middle-aged and elderly individuals of both sexes (Bairey Merz et al. 2006; Vaccarino et al. 2011 ).
In addition, several studies have shown that, in small rodents, such as mice and rats, significant alterations in systemic and cardiac hemodynamics occur only in hearts with large transmural MI (Michel et al. 1995; Olivetti et al. 1991; Pfeffer JM et al. 1984 Pfeffer MA et al. 1979) . Therefore, only large infarcts are likely to trigger LV remodeling, leading to evident modifications in the scar structure (Hochman and Bulkley 1982) . According to these observations, animals with a large transmural MI should be primarily considered for a comparative analysis of sex-related differences in the composition of the scar.
Therefore, this study addressed the hypothesis that biological sex of the animal affects the structural composition of mature scars formed in middle-aged rats in response to a large transmural MI.
Materials and Methods
All animal handling and experimental procedures were performed in accordance with the Guide for the Care and Use of Laboratory Animals published by the National Institutes of Health (NIH Publications No. 85-23, revised 1996) and approved by the University of Iowa Animal Care and Use Committee.
Animals and Experimental Model of MI
A large transmural MI was induced in 12-month-old female (F-MI, n=8) and male (M-MI, n=8) Sprague-Dawley rats (Harlan, Indianapolis, IN) under ketamine (100 mg/kg intraperitoneally [IP] ) and xylazine (10 mg/kg IP) anesthesia by ligation of the left anterior descending coronary artery near its origin, as previously detailed elsewhere Pfeffer MA et al. 1979; Boyle and Weisman 1993; Litwin et al. 1999; Dedkov et al. 2005) . Following surgery, the rats were housed under climatecontrolled conditions at a 12-hour light/dark cycle and provided with standard rat chow and water ad libitum.
LV Weight and Determination of Infarct Size
Four weeks after coronary ligation, a time point at which the infarcted area is completely healed Pfeffer MA et al. 1979) , the rats were anesthetized as described above and weighed, and the hearts were arrested in diastole by the infusion of 2% lidocaine hydrochloride into the left ventricle. The hearts were excised from the thorax, attached to a Langendorff apparatus, and perfusion-fixed with 4% paraformaldehyde (PFA) in phosphate-buffered saline (PBS) for 20 min at constant pressure (100 mm Hg). Then, the hearts were immersion-fixed in a fresh portion of 4% PFA solution for 24 hr at +4C. In each heart, the atria and the right ventricular free wall were removed, and the left ventricle, including the septum, was cut transversely from the apex to the base into five parallel slices of equal thickness with a blade guillotine. The LV slices and the right ventricular free wall were then briefly blotted dry with filter paper and weighed.
To determine the infarct size, all LV slices from each heart were digitized and evaluated using Image-Pro Analyzer 7.0 software (Media Cybernetics, L.P.; Silver Spring, MD), as detailed previously (Dedkov et al. 2005) . Briefly, in each digitized slice, the lengths of the entire free wall and its portion occupied by the scar (both obtained at the midwall level) were measured, and the extent of the scarred area was estimated as the ratio between scar length and length of the entire free wall. Then, the mean of these ratios was calculated for each heart. Finally, the infarct size was expressed as a percentage of the LV free wall.
Tissue Sampling
Post-MI rats of both sexes were included in the final evaluation only if the size of a transmural infarct was equal to or greater than 50% of the LV free wall. According to infarct size measurements, six hearts from F-MI rats and seven hearts from M-MI rats were selected for further tissue processing. From each heart, the two midventricular LV slices were collected and embedded in paraffin, because they are most representative of the scale of LV remodeling and the extent of the transmural scar (Spadaro et al. 1980 ).
Histology, Immunohistochemistry, and Light and Fluorescence Microscopy
Transverse serial sections (8.0 µm thick) were cut from the paraffin-embedded LV slices and stained with hematoxylin and eosin (H&E), picrosirius red, Masson's trichrome, and Verhoeff's elastic tissue stains.
Some sections were immunostained with a monoclonal antibody against α-smooth muscle (SM) actin (1:400; clone 1A4; cat. A2547; Sigma, St. Louis, MO). The primary antibody was visualized using a peroxidase-conjugated anti-mouse secondary antibody (cat. MP-7402; ImmPress Peroxidase Reagent kit; Vector Labs, Burlingame, CA), followed by incubation with DAB substrate (cat. SK-4105; ImmPACT DAB Peroxidase Substrate kit; Vector Labs). Finally, the slides were counterstained with hematoxylin 7211 (Richard-Allan Scientific; Kalamazoo, MI). To further characterize the origin of the α-SM actin-positive cells, a subset of these sections was double immunolabeled with a Cy3-conjugated α-SM actin antibody (1:600; clone 1A4; cat. C6198; Sigma) and monoclonal anti-desmin (1:80; clone DE-U-10; cat. D1033; Sigma), monoclonal anti-cardiac actin (1:100; clone AC1-20.4.2; cat. A9357; Sigma), or rabbit anti-laminin (1:30; cat. L9393; Sigma) primary antibodies. The antibodies were visualized with the Alexa Fluor 488-conjugated goat anti-mouse (1:400; cat. A-11001; Molecular Probes, Eugene, OR) or goat antirabbit (1:400; cat. A-11008; Molecular Probes) secondary antibodies. The immunostained sections were mounted in ProLong Gold antifade mounting medium with DAPI to counterstain the nuclei (cat. P36931; Molecular Probes). Omission of primary antibodies served as negative controls.
The stained sections were examined under an Olympus BX53 microscope (Olympus America; Center Valley, PA). In each heart, a series of high-resolution images covering the entire left ventricle stained with H&E, picrosirius red, Masson's trichrome, or α-SM actin was captured at ×4 magnification with an Olympus DP72 digital camera and imported into the computer. Finally, the digital assembly of the complete LV profiles was done using Adobe Photoshop CS5 software (Adobe Systems; San Jose, CA). The double-or triple-labeled fluorescence images were captured at ×60 magnification and digitally combined using Olympus cellSens Standard 1.4.1 digital imaging software (Olympus America).
Quantitative Morphometry by Digital Image Analysis
Morphometric and stereological digital analyses were performed on the reconstructed images in a blinded manner using Image-Pro Analyzer 7.0 software (Media Cybernetics; Bethesda, MD).
The H&E-and Masson's trichrome-stained sections were used to acquire the following planimetric parameters of the left ventricle: the LV cross-sectional area (CSA) and mean diameter, the LV cavity CSA and mean cavity diameter, the average thickness of the free wall and septum, and the average scar thickness and CSA. From these measurements, the scar thinning ratio and expansion index were determined as follows: the scar thinning ratio was calculated as the ratio between the average thickness of the scar and the average thickness of the septum, whereas the expansion index (a parameter that reflects the degree of LV dilatation and scar thinning) was calculated as previously detailed (Hochman and Choo 1987; Virag and Murry 2003) -that is, (LV cavity area/LV area) × (septal wall thickness/scar thickness).
Using a composed high-resolution image of each individual scar, the fractional volumes of the following tissue components were determined: the collagen fibers in the interstitial space (interstitial collagen) and in the wall of blood vessels (vascular collagen), the surviving and mummified dead cardiac myocytes (CM), and the α-SM actin-positive cells in the wall of blood vessels (vascular SM cells) and in the interstitial space (nonvascular cells, presumably myofibroblasts). Briefly, on digital images composed from serial sections of the same left ventricle, which were stained with picrosirius red, Masson's trichrome, or α-SM actin antibody, the total area of the scar was thoroughly outlined and measured. Then, a color image segmentation technique was applied to discretely determine the total area of scar segments occupied by the abovementioned solid tissue components as well as by an empty space, which had been presumably occupied by soluble components of the ground substance or had been formed as a result of tissue separation during histological processing of the specimens. Subsequently, to standardize data evaluation among the scars, the area of an empty space was subtracted from the total area of the scar, and the fractional volume of each individual solid tissue component was expressed as a percentage of the remaining scar volume. Using this approach on serial sections, we determined the volume fractions of interstitial and vascular collagen on picrosirius red-stained sections (Dedkov, Zheng, et al. 2007; Whittaker et al. 1994) , the volume fractions of surviving and mummified dead CM on Masson's trichromestained sections (Virag and Murry 2003) , and the volume fractions of myofibroblasts and vascular SM cells on α-SM actin-stained sections (Virag and Murry 2003) in each individual scar. However, after taking into consideration the structural integrity of the major tissue components and the quality of all staining procedures in each individual scar, the data related to composition of the scar structures from only five hearts per sex group were compared.
Statistical Analysis
Data are expressed as the mean ± standard error of the mean (SEM). Statistical analysis was performed using GraphPad InStat 3.05 software (GraphPad Software; La Jolla, CA). A one-tailed unpaired Student's t-test was used to assess differences between the two groups. A probability of p≤0.05 was considered to indicate significant differences. The effect size (Cohen's d) , which expresses the difference in group means as a function of standard deviations (Cohen 1988) , was calculated to estimate the extent of the difference in all comparisons between the two sex groups in the parameters determined. The computed effect sizes were interpreted according to Cohen's convention: small effect (d = 0.2), medium effect (d = 0.5), and large effect (d = 0.8).
Results
Consistent with the objective of this study, only animals with a large transmural infarct (≥50% of the LV free wall) were selected for evaluation. The infarct size ranged from 57% to 64% in male rats and from 50% to 71% in female rats. Consequently, the mean infarct size was comparable between male and female groups of animals (Table 1) .
Extent of Structural LV Remodeling Is Similar in Male and Female Post-MI Hearts
The LV structural parameters are shown in Table 1 . The values for external and internal LV dimensions and the LV weights were significantly lowe in female than in male rats. These findings are consistent with the fact that the male rats were markedly (39%) heavier than their age-matched female counterparts (p≤0.001, d = 3.46). Such a profound difference in body weight caused females to have a 23% greater LV weight and body weight ratio than males (p≤0.01, d = 1.71). However, despite this sex-related difference in LV size, the average wall thickness and LV weight to ventricular weight ratio remained comparable between the two groups, suggesting a similar degree of compensatory LV hypertrophy. Most important, although the scars in the female hearts were evidently thinner than in those in male hearts on average by 13% (p≤0.05, d = 1.34), the scar thinning ratio and expansion index were not different between the male and female rats, indicating the analogous scale of LV remodeling.
The Content and Distribution of Major Structural Components of LV Scar Do Not Differ in Male and Female Post-MI Hearts
The relative contents of the major scar components are shown in Table 2 . The quantitative assessment of the scars revealed that in female rats, the area of the scar was 60% smaller than that in male rats (p≤0.01, d = 2.31). However, this difference is a consequence of thinner scars in the former (Table 1) . Most important, despite the apparent difference in the scar area, both groups of rats did not reveal detectable sex-related distinctions among the fractional volumes and distribution of major structural components, such as fibrillar collagen (Fig. 1A) , myofibroblasts ( Fig. 2A) , and surviving CM (Fig. 3A) .
A thorough morphological analysis of the scars in both sexes demonstrated that fibrillar collagen was the major scar tissue component, generally organized into three distinguishable layers of densely packed fibers located in subepicardial, midwall, and subendocardial regions; in contrast, the rest of the scars were filled by loosely packed collagen fibers (Figs. 1B and 4A: arrows) .
Most significantly, the areas with densely packed collagen fibers often contained surviving CM (Figs. 1B: arrows, 3B: arrows, 4A: asterisks, 6A, B: asterisks, and 7A, B: asterisks) or mummified dead CM (Figs. 1B: arrowheads, 3B: arrowheads, 4B and 6E: asterisks), as well as myofibroblasts (Figs. 4A, C: arrowheads, 6A-D: arrowheads, and 8A, B: arrows) and some residual coronary arteries (Figs. 1B, 3B, 4C, and 5). Accordingly, the same areas were the principal locations for α-SM actin-containing myofibroblasts (Figs. 2B: arrows and 6A-D: arrowheads) and vascular SM cells (Figs. 2B: arrowheads, 5A and 7D: arrowheads). The locations of vascular SM cells were evidently restricted to the wall of arterial vessels, demonstrating a great variety of sizes ( Fig. 2B: arrowheads) . In some large-resistance vessels, the vascular SM cells had undergone marked centripetal growth, resembling the neointimal formation ( Fig. 5 ), which occasionally almost obliterated the vessel lumen.
At the same time, the distinct spatial location, characteristic spindle-shaped morphological appearance, and positive reaction to α-SM actin made myofibroblasts easily distinguishable from surviving CM (Figs. 4A, C: arrowheads, 6A: arrowheads, 7A, B: arrows, and 8A, B: arrowheads), mummified dead CM (Fig. 6E ), and fibroblasts ( Fig. 6C , D: arrowheads). Furthermore, the absence of both desmin and cardiac actin expressions in α-SM actincontaining myofibroblasts, which was a noticeable feature of surviving CM (Fig. 8C,D) , confirmed the clear distinction between these two cell populations.
In contrast to myofibroblasts that were surrounded by mainly "avascular" dense connective tissue, the neighboring surviving CM, located in subendocardial or subepicardial layers (Figs. 6A, B: asterisks and 8C, D), were often seen in association with the well-developed network of capillary-like microvessels (Fig. 7A, B : arrowheads and E: asterisks). Although the noticeable groups of surviving CM were rarely detected in the midwall layers, with the exception of some areas near the scar border, the large clusters of live CM could be frequently seen in close proximity to large veins deep in the scar tissue ( Fig. 7C, D: asterisks and E).
Despite a high degree of similarity between the sexes, some minor discrepancies were noted with regard to the contents of vascular collagen (Fig. 4D ) and vascular SM cells (Fig. 6F ) as well as mummified dead CM (Fig. 7F ) in male and female scars. For instance, compared with males (Table 2) , LV scars of female rats had a slightly higher content of vascular collagen (p=0.08, d = 0.97) and vascular SM cells (p=0.08, d = 1.04) but a smaller volume fraction of mummified dead CM (p=0.15, d = 0.70).
Discussion
The key findings of this study were as follows: 1) the pattern of structural LV remodeling induced by a large transmural MI remained analogous between the sexes despite the fact that the left ventricle of the female middle-aged rats was significantly smaller than that of males, and 2) the volume fractions of major structural components were nearly identical in the mature LV scars of male and female middleaged rats, although the female scars revealed significantly smaller volume and thickness compared with the scars in male counterparts.
Sex-Related Differences in LV Remodeling and Scar Formation
Despite a growing number of clinical observations demonstrating sex-related differences in the cardiac adaptation to postischemic injury (Kwon et al. 2009; Ostadal et al. 2009; Vaccarino 2010; Vaccarino et al. 2011 ), the experimental findings related to sex-specific alterations during post-MI remodeling and especially scar formation remained obscure. Most of these data were from experiments either exploring the earlier stages of post-MI healing in mice (Cavasin et al. 2004; Gao et al. 2005; Fang et al. 2007; Wang F et al. 2007) or analyzing cardiac remodeling and LV functional performance during the chronic post-MI phases in rats (Pfeffer MA et al. 1979; Litwin et al. 1999; Jain et al. 2002) . Surprisingly, all of these studies were done on young or young-adult animals. However, young or even adult rodents are not suitable as models of myocardial infarction in humans, because myocardial infarctions occur primarily in middle-aged and older individuals (Bairey Merz et al. 2006) . The importance of using older animals in MI experiments, especially in the case of small rodents, has been compelled by the findings of studies published earlier by our group (Christensen et al. 2009; Dedkov et al. 2005; Dedkov, Zheng, et al. 2007; Zhang et al. 2010 ) and other laboratories (Kranz et al. 1975; Wexler 1978; Raya et al. 1997; Bujak et al. 2008; Yang et al. 2008 ), which demonstrated the existence of significant age-associated differences in reparative responses during myocardial wound healing and LV remodeling. Accordingly, we exclusively used middle-aged rats of both sexes in all experiments described in this article. Another important factor that we considered in this study was the size of the MI. A great body of evidence demonstrates that rats can easily tolerate a small-and moderate-sized MI with no detectable alterations in cardiac performance, global LV geometry, and hemodynamics (Pfeffer MA et al. 1979; Olivetti et al. 1991) , whereas a large MI has always triggered progressive LV remodeling and impairment in LV function (Michel et al. 1995; Olivetti et al. 1991; Pfeffer JM et al. 1984 Pfeffer MA et al. 1979 ). In the latter case, the process of ventricular reorganization and scar formation would certainly be affected by a higher level of circulating neurohumoral factors, which have been shown to be proportional to the degree of cardiac functional insufficiency and, hence, the size of the MI (Michel et al. 1995) . Considering this, we performed sex-related comparisons only between the rats with comparably large infarcts. One of the important findings of our study is that despite a significant difference in heart size, the left ventricles of male and female middleaged rats demonstrated a nearly identical pattern of global structural remodeling 4 weeks after a similarly large MI, although some regional differences were evident. These observations are consistent with the previous study by Jain and colleagues (2002) , who demonstrated that despite the smaller chamber diameter and thinner septal and free walls, the left ventricle of Dahl salt-resistant female rats showed relatively similar global changes 5 weeks after a large MI compared with male counterparts. In contrast, the data from an earlier study, involving male and female Sprague-Dawley rats with a large MI, have reported a significant sex-related difference in chamber geometry 6 weeks after MI (Litwin et al. 1999) . Considering that hearts with a large MI are more prone to undergoing continuing LV remodeling (Pfeffer JM et al. 1991) , such discrepancy among the findings in these studies can primarily be attributed to the variations in the duration of the post-MI period. Hence, in our study, we focused on a period of 4 weeks because scar formation is usually completed between the third and fourth week after infarction (Boyle and Weisman 1993; Fishbein et al. 1978) , and during this period of post-MI healing, there are no detectable changes in external LV dimensions (Roberts et al. 1984 ) that are characteristic of compensated rather than adverse LV remodeling (Pfeffer MA and Braunwald 1990) . Accordingly, we assume that, during the compensatory phase of post-MI healing, the left ventricles of male and female middle-aged rats with a similarly large MI followed the analogous sex-independent pattern of global LV remodeling due to the corresponding neurohumoral reaction (Michel et al. 1995) and comparable alterations in systemic hemodynamic and LV loading conditions ( Olivetti et al. 1991; Pfeffer JM et al. 1984 . Although it is feasible to argue that the reparative processes in middle-aged (12-month-old) female rats could be affected by a low estrogen level (Nass et al. 1984; Rubin et al. 1994) , the sex hormone-independent nature of chronic LV modifications during post-MI cardiac remodeling has been established in estrogen-deficient young female rats (Hugel et al. 1999 ) and mice (Cavasin et al. 2003) .
Effect of Biological Sex on the Structural Composition of a Scar
Although a universal sequence of reparative events triggered by an acute MI has been thoroughly investigated for decades (Frangogiannis 2006) , evidence of sex-related differences in scar composition during inflammatory and proliferative phases of post-MI healing in mice has been documented only recently (Cavasin et al. 2004; Gao et al. 2005; Fang et al. 2007; Wang F et al. 2007) . Surprisingly, these studies did not investigate the possible sex-specific modifications during post-MI scar maturation, although Sun and colleagues (Sun and Weber 2000; Sun et al. 2002) previously revealed the highly dynamic pattern of scar transformation in rats, particularly during the later phases of myocardial healing. Accordingly, our study is the first to report a sex-specific comparison of the structural composition of the mature scar in middle-aged post-MI rats. Despite the fact that post-MI scars are often composed of a variety of structural components (collagen and elastic fibers, myofibroblasts, surviving and dead CM, residual and newly formed vessels), there are few studies demonstrating the quantitative data with regard to more than one scar component (Boyle and Weisman 1993; Lichtenauer et al. 2011; Virag and Murry 2003) . Hence, our study is unique because it has evaluated the contents of several major scar components at once and, more importantly, the study has been done in the context of potential sex-specific differences. To our surprise, we found no evident sexspecific distinctions in fractional volumes among all major structural components of 4-week-old scars (namely, fibrillar collagen, surviving and mummified dead CM, myofibroblasts, and vascular SM cells) in middle-aged post-MI rats. We also compared the spatial distribution of these components in each scar to further validate this observation. Our finding of a nearly identical three-layered organization of densely packed fibrillar collagen merged by loose connective tissue within the scars of middle-aged rats is consistent with the observations reported earlier in post-MI dogs (Whittaker et al. 1989 ) and rats (Sun et al. 1994; Zhang et al. 2010) . Considering that the left ventricles in male and female rats had undergone a similar extent of post-MI remodeling, the relatively analogous distribution of fibrillar collagen within the scars may to some extent reflect the similar regional directions of tensile force (Holmes et al. 1997) applied to the scar by adjacent hypertrophied CM (Vracko et al. 1988; Vracko et al. 1989) . The same tensile forces might also be responsible for the distribution of nonvascular spindle-shaped α-SM actin-positive cells, presumably myofibroblasts, within the areas primarily corresponding to those layers of densely packed fibrillar collagen, as seen in Figs. 2B (arrows) and 6A-D (arrowheads) of our study and in reports previously published by others on mice (Virag and Murry 2003) , rats (Sun and Weber 1996) , dogs (Frangogiannis et al. 2000) , and humans (Willems et al. 1994) . Such spatial codistribution, however, positively labeled for α-smooth muscle (SM) actin are located just beneath an endocardial surface and above the area with surviving CM (a dotted line). (B) Myofibroblasts (red and arrowheads indicating the same cells as in A) positively labeled for α-SM actin and outlined by laminin immunostaining (green) showed clear delineation (a dotted line) from the area below that containing α-SM actin-negative, laminin-outlined CM (green and asterisks). (C) Surviving CM (green and asterisks) positively labeled for cardiac actin are located just beneath the layer of subendocardial myofibroblasts. Note that the layer of myofibroblasts demarcated by a dotted line showed no positive immunolabeling for cardiac actin. (D) Surviving CM (green and asterisks) positively labeled for desmin showed no immunoreaction for α-SM actin. On the contrary, the layer of α-SM actin-positive myofibroblasts (red) demarcated by a dotted line remained desmin negative. Note that, in all images (A-D), the asterisks identified the location of the same surviving CM, whereas DAPI-counterstained nuclei of all cells are in blue. Scale bars are 20 µm.
could be a consequence of myofibroblast involvement in collagen deposition (Cleutjens et al. 1995) , as suggested by Sun and colleagues (Sun and Weber 1996; .
On the other hand, a separate large group of α-SM actinpositive cells seen in the scars of middle-aged rats of both sexes was primarily restricted to the walls of arteries and arterioles, representing the vascular SM cells (Vracko and Thorning 1991; Sun et al. 2002; Dobaczewski et al. 2004) . A similar finding has been reported in a number of studies on post-MI dogs (Kramer et al. 1998; Dobaczewski et al. 2004 ) and rats (Kalkman et al. 1997; Sun and Weber 2000) . In agreement with these studies, we also noticed that, in some large arteries, the vascular SM cells had contributed to the neointimal growth that narrows the vessel lumen (Dobaczewski et al. 2004; Kalkman et al. 1997; Sun et al. 2002) . Considering that the portion of vascular SM cells among all α-SM actin-positive cells was greater in female rats than in males (26% vs. 20%, respectively), it appears that the inward growth of vascular SM cells within the wall of residual arteries is greater in female than in male scars. This finding implies that the remodeling process of largeresistance vessels in female scars might be influenced by a different mitogenic milieu than that in male scars. One possibility is that the greater number of macrophages detected in healing post-MI scars of female animals during an inflammatory phase (Cavasin et al. 2004 ) could underlie current observations, because macrophages facilitate inward remodeling in arterial vessels experiencing a reduction in blood flow (Bakker et al. 2008) . Such an assumption is also supported by the fact that the slightly higher fractional volume of mummified dead CM seen in post-MI scars of middle-aged male rats (as compared with females) may be a result of reduced macrophage response during MI healing similar to that observed in rats after inhibition of immune response with high doses of corticosteroids (Kloner et al. 1978; Mannisi et al. 1987) or in monocyte chemotactic protein 1-deficient mice showing an impeded phagocytic response (Dewald et al. 2005) .
Despite a likely different phagocytic response between the sexes, an extent of long-term CM survival did not differ in the large transmural scars of male and female middleaged rats. Our observations concerning the spared clusters of surviving CM in subendocardial and subepicardial areas of scars, as well as around the residual large veins, are in agreement with the previous findings on young rats (Boyle and Weisman 1993; Fishbein et al. 1978; Kalkman et al. 1997; Sun et al. 1994; Zhang et al. 2010 ) and mice (Virag and Murry 2003) . The sex-independent distribution of surviving CM within the scars caused by a similarly high level of coronary artery occlusion is rather a result of the virtually identical branching pattern of major coronary arteries in the heart of small rodents (Clauss et al. 2006; Dedkov, Thomas, et al. 2007 ) that would restrict the long-term CM salvaging only to the areas with an adequate diffusion for oxygen and nutrients (Wang B et al. 2005; Zhang et al. 2010) .
Study Limitations
The current study investigated sex-related differences only in mature scars at one time point during a compensated phase of post-MI remodeling. Although it is unlikely, it is possible that the structural composition of the scar could be further modified by the continuing heart transformation during an adverse phase of cardiac remodeling. Furthermore, because we have selected rats only with a large MI for a final evaluation, the impact of the moderate-or small-size infarcts on the scar composition remains unknown. In addition, we focused only on the structural components that provide most of the tensile strength to the scar, leaving undetermined the contents of other important scar components, such as the ground substance, elastic fibers, and microvasculature. Furthermore, the presented data did not differentiate the content of vascular SM cells between newly formed and residual vessels, and lacked explicit information regarding the precise nature of nonvascular α-SM actin-containing cells, which were all recognized as myofibroblasts.
Conclusions
Taken together, our data demonstrate that, despite a significant difference in size between the two sexes, the left ventricles of male and female rats undergo a similar degree of structural remodeling in response to a comparably large transmural MI. Moreover, because the structural composition of the mature LV scars reveals no apparent sex-related differences among the middle-aged rats, which experienced an MI of the same size, it is plausible to speculate that scar maturation occurs in a sex-independent manner.
